Inorganic orthophosphate (25 millimolar in assay media; Pi) was found to increase in vitro activity of NADH-nitrate reductase (NR) isolated from 2-row barley (Hordeam vulgare L.) leaves with a saturating concentration of nitrate (2 millimolar) but to decrease it with low nitrate levels (<O.1 millimolar). The response to nitrate concentrations was Pi specific. The Lineweaver-Burk plot showed that Pi increases the apparent K,,, for nitrate as well as V,,,", whereas it does not alter the K,,, for NADH significantly. These results suggest that the interaction between a molybdenum site of the enzyme and Pi results in alteration of the properties of NR molecule.
The enzyme NADH-NR' (EC 1.6.6.1) catalyzes the reduction of nitrate to nitrite by NADH. It constitutes the first step in the assimilatory reduction of nitrate to ammonia in the tissues of most plants. It is known that Pi activates NR (5) (6) (7) 12) , and it is customary to assay the enzyme in Pi buffer at a final concentration between 25 and 100 mm (2, 3) . The mechanism and kinetic features of the activation have not been completely carried out, but the major effect seems to be on Vm< rather than on substrate binding (5) . It has been suggested that Pi binds at or near the molybdenum cofactor of NR molecule, possibly resulting in an enhanced potential for reducing nitrate to nitrite (5, 6 ). There are no extensive studies on Pi requirement of higher plant NR.
In a previous paper (8) , the effect of various anions on the in vitro NADH-NR activity was tested, and Pi (10 mM) activated it by a factor of 1.5 reported previously (8) , except that the final purification step was omitted. In short, the procedure involved (NH4)2S04 fractionation (2545% saturation) from the crude extract, adsorption on Phenyl Sepharose CL-4B and hydroxyapatite, and followed by affinity chromatography on Blue Sepharose CL-6B. Pi-free NR was prepared from the affinity-purified enzyme by passage through the Bio-Gel P-6DG column (1.5 x 15 cm) equilibrated with 25 mm Hepes-NaOH, pH 7.5. The enzyme had a specific activity of 14 pmol nitrite formed min-' mg-' protein under optimal conditions. The enzyme was stored at -25C until used.
NADH-NR Assay. Unless otherwise stated, the reaction mixture having a final volume of 2 ml contained: 50 gmol HepesNaOH (pH 7.5), 4 ,mol KNO3, 0.66 ,mol NADH, 0.002 umol FAD, and NR preparation (0.3-0.5 gg protein). The nitrite formed was determined as described previously (9) . MVH-NR Assay. The reaction mixture contained 50 ,umol
Hepes-NaOH (pH 7.5), 1.33 umol MV 1.6 to 20 gmol KNO3, and enzyme in a total volume of 1.9 ml. The reaction was started by adding 0.1 ml of a freshly prepared solution of 10 mg/ml Na2S204 dissolved in 100 mM NaHCO3. After 10-min incubation at 30C the reaction was terminated by vortexing which oxidized the MVH and any remaining dithionite. Nitrite was estimated according to the procedure described for NADH-NR with postassay treatments as described by Senn et al. (13) . NADH-CR Assay. The reaction mixture contained 75 ,mol Hepes-NaOH (pH 7.5), 1.5 mg Cyt c (horse heart type III, Sigma), 0.66 umol NADH, and enzyme in a total volume of 3 ml. The reaction was followed at 25C by measuring the A change at 550 nm. The activity was also assayed in the presence of varying nitrate concentrations (0.05-2.0 mM). Added nitrate did not cause detectable inhibition of NADH-CR component of the enzyme as was observed by Solomonson and Vennesland (14) .
All assays were run in duplicate.
RESULTS AND DISCUSSION The effect of Pi on in vitro NADH-NR activity of Pi-free purified enzyme, in the presence of various buffers, is shown in Table I . The assays were carried out at 2 mM KNO3. Pi buffer gave the maximal activity. The addition of Pi to the non-Pi buffers resulted in an almost complete restoration of the rate obtained in Pi alone. K-and Na-Pi behaved identically. The activity was measured as a function of Pi concentration at 2 mm KNO3 (Fig. 1) . The activity increased markedly as the Pi concentration was increased from 0 to 20 mM and decreased sharply above 60 mM Pi. Between 20 and 50 mM Pi, it remained constant. Half-maximal activation occurred around 4 mM Pi at pH 7.5. A similar response was reported by Renosto et al. (11) with Peni-EFFECT OF PHOSPHATE ON BARLEY LEAF NADH-NITRATE REDUCTASE The effect noted above were not Pi specific. Chloride and sulfate also increased the activity (Fig. 1) . However, the maximal activation was only about 20 to 40% of that observed with Pi. Like Pi, a variety of anions (chloride, sulfate, nitrate) inhibited at high concentrations, suggesting that the activity is sensitive to ionic strength changes.
When assays were performed under conditions in which the nitrate concentration is 0.05 mM, 25 mm Pi decreased the activity (Table II) . Further, the optimal Pi concentration for the reaction was shifted from 25 mm with 2 mM KNO3 to 5 mM with 0.2 mM. These effects were Pi specific. Neither chloride nor sulfate at the (Table III) .
The apparent Km for nitrate was determined with and without Pi (Fig. 2) . Lineweaver-Burk plots were linear both in the presence and absence of Pi, indicating that there was no evidence for cooperativity in substrate binding; Pi (Fig. 4) 
